On cycled exposure of Gunn rats to total darkness and low and high illumination, biliary excretion rates of (EZ)-and (ZE)-bilirubin and (EZ)-cyclobilirubin increased up to approx. 10-fold from the mean basal values of 1.2 and 0.2kg/h to the mean maximum values of 25.2 and 4.2ug/h respectively, and at the same time those of (EE)-bilirubin and (EE)-cyclobilirubin also increased, but at very much lower rates than those of the first-mentioned two. During the low illumination only (EZ)-and (ZE)-bilirubin and (EZ)-cyclobilirubin appeared in the urine; during the high illumination (EE)-bilirubin and (EE)-cyclobilirubin also appeared, showing a similar excretion pattern to that observed in the bile, but the total urinary excretion rates were lower than the total biliary excretion rates. The serum bilirubin concentrations fell gradually to lower values, accompanied by an increment in (EZ)-and (ZE)-bilirubin, but (EZ)-cyclobilirubin was not detected. It is concluded that during phototherapy the predominant pathway for the removal of bilirubin from the body in the Gunn rat is by biliary excretion of the geometric photoisomers (EZ)-and (ZE)-bilirubin, derived from Z-.E isomerization, and the structural photoisomer (EZ)-cyclobilirubin, formed from intramolecular endo-vinyl cyclization.
Since the original report by Cremer et al. (1958) , phototherapy has been successfully applied to the treatment of hyperbilirubinaemia of the newborn infant, and is now an established procedure in neonatal medicine (Brown & McDonagh, 1980) . In 1969, we found an increment of propentdyopent adducts and an appearance of a substance with Amax. 415nm in the urine after phototherapy (Onishi et al., 1969 (Onishi et al., , 1971 ). An observation on the urinary propentdyopent adducts was independently reported by Porto (1970) . The major mechanism was initially postulated as the formation of oxidative bilirubin derivatives by photosensitized attack by singlet oxygen (McDonagh, 1971) . However, the fact that considerable amounts of unconjugated bilirubin appear in the bile of Gunn Abbreviation used: h.p.l.c., high-pressure liquid chromatography.
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rats (Ostrow, 1971) or newborn infants (Lund & Jacobsen, 1972) after irradiation with blue light is not consistent with this mechanism. According to the latest information (Stoll et al., 1982; McDonagh et al., 1982a,b; Onishi et al., 1980b Onishi et al., , 1984 (Onishi et al., 1981b (Onishi et al., , 1984 Stoll et al., 1982; Isobe et al., 1983 Sample preparation for h.p.l.c.
The deproteinizing reagent was acetonitrile/ 0.01M-phosphate buffer (pH7.4)/10% (w/v) tetran-butylammonium hydroxide (60:40:1, by vol.) was adjusted with H3PO4 to pH 7.4. For the serum samples, 50il of dimethyl sulphoxide and 150.ul of the deproteinizing reagent were added to 50ul of the serum. For the bile, 4 vol. of the deproteinizing reagent only was added to 1 vol. of the bile. For the urine, an equal volume of the deproteinizing reagent was added. Then these samples were vortex-mixed for 30s and centrifuged for 5min at 1000rev./min. Portions (25-50ul) of supernatant were applied to the chromatograph. All manipulations of the samples were carried out in subdued light. Chromatographic operation, preparation of a calibration curve of peak area and assignment of each peak separated by h.p.l.c. were carried out as described previously (Onishi et al., 1979 (Onishi et al., , 1980a During the control period the animals produced pale-yellow bile, containing low concentrations of bile pigments, which was excreted at a steady rate. On exposure of animal to low illumination, the bile promptly turned a deep golden-brown colour, and the change was accompanied by an approx. 4-10-fold increase in excretion of bilirubin as (EZ)-and (ZE)-bilirubin and a concomitant greater rise in the excretion of (EZ)-cyclobilirubin. On exposure to high illumination, the biliary excretion rates of these photoproducts were further increased compared with those in low illumination. Biliary excretion rates of photoproducts during high illumination were approx. 2-5 times those during low illumination. Under low illumination biliary excretion of (EE)-bilirubin and (EE)-cyclobilirubin increased, and during high illumination the biliary excretion rate of (EE)-cyclobilirubin approached that of (EE)-bilirubin. The relative proportions of the last-mentioned two photoproducts in the total biliary excretion rates of bile pigments were significantly smaller than those of the first-mentioned two. After the light had been Duration of experiment (h) Fig. 2 . Urinary excretion patterns offour bilirubin photoproducts by thefive Gunn rats exposed to successive periods of low and high illumination For details and explanation of the symbols see the legend to Fig. 1 (ZE)-bilirubin and (EZ)-cyclobilirubin increased slightly, but (EE)-bilirubin and (EE)-cyclobilirubin were negligible. On high illumination, those of the first-mentioned two photoproducts increased up to 10-fold, and the last-mentioned two also increased, although the rates were still very low. The total urinary excretion rate was low compared with the total biliary excretion rate. No significant alteration in urine flow was observed under low or high illumination.
Changes in concentrations ofplasma bilirubin and its photoproducts ( Fig. 3 and Table 3) During the control period, the rat maintained a stable concentration of serum bilirubin. On exposure to light, the serum bilirubin concentration fell gradually to low values. As found for a hyperbilirubinaemic newborn infant, (EZ)-and (ZE)-bilirubin in the serum of the Gunn rat was demonstrated before and during phototherapy, but only at a low concentration. (EZ)-Cyclobilirubinin remained below the detection limit during phototherapy. During the recovery period, the bilirubin concentration remained unchanged, but (EZ)-and (ZE)-bilirubin decreased.
Discussion
Concerning the main process responsible for hepatic bile-pigment excretion during phototherapy, Ostrow (1971) described the excretion of considerable amounts of unconjugated bilirubin, which has proved to be excreted in the form of (EZ)-and (ZE)-bilirubin (Onishi et al., 1981a) . 1982a, b) reported that the main process is single-photon Z -+ E isomerization, predominantly at the 15Z bridge, and that intramolecular endovinyl cyclization is a relatively minor contributor. Although the species difference between human and rat should be kept in mind, the relative proportion of biliary excretion of (EZ)-cyclobilirubin is much greater than that of (EZ)-and (ZE)-bilirubin during phototherapy of neonatal hyperbilirubinaemia (Onishi et al., 1980b) , and also the bilirubin derived from (EZ)-and (ZE)-bilirubin might undergo significant enterohepatic recirculation, which would diminish its net excretion (Lester & Schmid, 1963) . On the basis of these previous observations and the data obtained from the present study, it is concluded that pronounced changes in bile and urine composition, especially the excretion of (EZ)-and (ZE)-bilirubin, and (EZ)-and (EE)-cyclobilirubin, are observed in a short time, in contrast with the hours of phototherapy required to produce significant changes in serum bilirubin concentration. Moreover, this fact supports our theory that during phototherapy of neonatal hyperbilirubinaemia the predominant pathway for the removal of bilirubin from the body is by biliary excretion of (ZE)-bilirubin and (EZ)-cyclobilirubin (Onishi et al., 1980b (Onishi et al., , 1981a .
